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(57) ABSTRACT 

According to the invention, a shoe having at least one base 
spring element, Which is arranged betWeen appendages at a 
heel Zone of the shoe and at a shaft Zone taking support at 
the front edge of the shin bone and Which stretches in the 
course of an arnbulation phase, characterized in that a 
tensioning assembly moves the appendage of the base spring 
element at the heel Zone away from the appendage at the 
shaft Zone upon planting of the shoe, for stretching of the 
base spring element. 
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SHOE WITH ENERGY STORAGE AND DELIVERY 
DEVICE 

[0001] The present invention relates to a shoe having at 
least one base spring element, Which is arranged betWeen a 
heel Zone of the shoe and a shaft Zone supporting on the 
cnemial front edge and Which expands during a stepping 
phase. 

[0002] Ashoe of this general type is the object of the as yet 
unpublished German patent application 101 07 824 2-26 of 
the applicant of the present invention. According thereto, the 
shoe is able to store the energy of the momentum that is 
attained When the shoe is set doWn in the course of a step and 
Which can release it as efficiently as possible for repelling 
the foot during a subsequent stepping phase. 

[0003] The object of the present invention is to further 
improve the aforesaid effect in a shoe of storing the energy 
of the momentum attained in the shoe When set doWn in the 
course of a step and again releasing it as ef?ciently as 
possible for repelling the foot during a subsequent stepping 
phase. 

[0004] This object is achieved according to the invention 
by a shoe having the characteristics of Claim 1. Preferred 
embodiments of the invention are described in the subordi 
nate claims. 

[0005] In the animal kingdom it can be observed that in 
large running birds—in particular in the stork species—With 
each step a part of the impact energy is stored in the long 
tendons so that With the next step it can be again returned. 
This economical system in nature is not restricted to the 
large running birds; it is merely particularly obvious in this 
case. It must rater be assumed, that the tendons and muscular 
elements of the body in the higher evolved species ful?ll the 
task not only of developing and transmitting poWer but also 
the task of storing and returning energy. 

[0006] It is Well knoWn that there is a static load transfer 
ring system in the body. In this context this is represented by 
the sections of the skeleton, including the articulations. In 
addition, our oWn studies have shoWn that there is also a 
dynamic poWer developing and load transmitting system. 
This involves the musculature and the tunica muscularis 
(fasciae) as Well as the tendons, vessels and nerves. 

[0007] This system, Which can also transmit load like 
bone, has energy storage and release as its third important 
task. 

[0008] In virtue of the bones it is not only a question of 
transfer of an operating force but rather in its structure it 
represents an element of elasticity, Which also stores oper 
ating forces partially in its structure so that it can the be 
released. 

[0009] If one considers the structure of the foot and the 
adjacent bones and muscle components, then the folloWing 
can be established: 

[0010] At the sole of the foot, impact and pressure Zones 
can be differentiated. Accordingly, the heel represents the 
essential impact Zone. Here upon impact, the major part of 
the energy is introduced into the osseous system. An arti? 
cial storage and release of the energy can occur here as is 
described in some of the cited patents, through resilient heel 
constructions. This is only minimally ef?cient. 
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[0011] In the Zone of the forefoot the balls of the foot 
likeWise represent an impact Zone. They assume this func 
tion When running on the forefoot, but also during the 
heel-to-toe Walking. Here, the operating energy is not only 
transmitted into the skeletal components. Rather, in virtue of 
the expansion of tendon and muscular structures, that lie in 
the longitudinal and transverse sense under the arch of the 
foot (the so-called plantar aponeurosis), it results in a spring 
suspension and also in storage of the operating energy in the 
structures. 

[0012] In this regard it results especially in an expansion 
of this tendon plate in the sole of the foot in a transverse 
direction under the transverse arch of the foot and in the 
longitudinal direction under the longitudinal arch of the foot. 
In addition, there is an expansion of the Achilles tendon as 
Well as the muscles that are connected to the Achilles tendon 
(the suralis and the soleus muscles). Because these muscles 
in part act via the knee joint on the thigh bones, the entire 
let is consequently involved in the energy storage. Upon 
continuing the step, the energy is converted back again into 
appropriately directed forces, Which relievingly support the 
motor function of the musculature in their force generation. 

[0013] Upon pushing off, the tendons are relieved and the 
energy of the stored energy is transmitted into the folloWing 
step. 

[0014] Three phases can be differentiated: The ?rst phase 
results in an elongation and stretching of the tendon struc 
ture. This elongation of the corrugated collagen ?bers results 
in a stretching of the ?bers. If the stretching is achieved, the 
?bers cannot be further elongated, Which means that then the 
muscle force is transmitted directly (second phase). The 
third phase is characteriZed in that in the next step, at the 
end, the stored energy, by relieving the tendon structure, is 
fed back into the neW step. 

[0015] The Achilles tendon and the muscles attached to it 
as Well as the long tendons of the ?exors and extensors of the 
toes and the mid-foot also Work according to this principle 
of energy storage. In a Walking or running process, this 
results in a stressing of these long, cross-articulation tendons 
and muscle structures. The biasing is transmitted together 
With the operative muscle force into the next step. 

[0016] This physiological basic concept is translated 
according to the invention, in that at least one base spring 
element is af?xed betWeen the heel Zone of the shoe and the 
shaft Zone at the cnemial front edge—e. g. minimally biased. 
The appendage of the base spring element in the Zone of the 
shoe is, according to the invention, upon setting doWn the 
heel, moved aWay from its second appendage on the shaft 
Zone for extension of the base spring element, and especially 
preferably rearWardly and/or doWnWardly. The makes pos 
sible ?rstly a greater lever arm for reinforcing the effect 
according to the invention of the energy storage and release. 
Secondly, the movement of the tensioning device, already on 
its oWn, operates an extension, Which advantageously 
supplements the extension operated by the ?exing of the foot 
during a step. 

[0017] According to the invention, the tensioning device 
can be formed—e.g. in virtue of a rocker With a pivot 
point—preferably in the rear heel Zone, Whose one member 
extends spike-like rearWardly and at Which the base spring 
element rests and Whose other rocker member extends 
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forward and pedal-like from the sole of the shoe, projecting 
downward. Now, if the shoe is placed on the ?oor during a 
step, it urges the pedal-like member against the sole and 
accordingly the second rocker member according to the 
invention downward and thus stretches the base spring 
element. 

[0018] An alternative embodiment resides in a folding 
gate type member having a pedal-like folding member 
con?gured similar to the second rocker member, which 
operates the folding gate type member extending spike-like 
rearwardly, using the appendage for the base spring element 
at its rear end, in such a fashion that the member elongates 
rearwardly and accordingly stretches the base spring ele 
ment. 

[0019] Afurther alternative embodiment resides in a mem 
ber extending spike-like rearwards in the form of a pneu 
matic or hydraulic cylinder with the appendage for the 
tension element, which can be pneumatically or hydrauli 
cally extendably operated and which communicates with a 
pressure chamber via a ?uid line. The pressure chamber is 
then arranged under the sole of the shoe, so that setting down 
of the shoe on the ?oor during a step has the effect that 
pressure from the pressure chamber acts upon the piston and 
accordingly the piston is extended. Accordingly, the member 
is elongated rearwardly and/or downwardly and so stretches 
the base spring element. 

[0020] In order that the assembly according to the inven 
tion remains in the stretched position during the heel-to-toe 
movement of the shoe, so that, according to the invention, 
upon pressing the forefoot, the stored energy is transformed 
into a “forward propulsion”, the shoe according to the 
invention preferably has a holding device, which holds the 
tension device and there especially the appendage of the 
base spring element in the stretched position, as long as 
certain Zones of the shoe rests on the ?oor. Preferably, the 
holding assembly holds the position until the heel-to-toe 
movement is completed over the forefoot and there a press 
ing of the foot on the ?oor occurs. This is especially 
advantageous, when the mechanism for operating the ten 
sioning assembly is arranged, for example, in the heel Zone 
of the shoe, and this heel Zone is again removed from the 
?oor during the continued heel-to-toe movement, so that— 
without the preferred holding assembly—the tensioning 
assembly would move back, as soon as the heel is again 
removed from the ?oor during the heel-to-toe movement. 

[0021] The holding assembly can be con?gured as a 
clamping strip, which is guided in a pocket under a front 
Zone of the sole of the shoe. The clamping strip is then 
connected with the pedal-like member, for example, and 
holds it in the stretched position on the sole in that the 
clamping strip is urged into the pocket by pressing the 
pedal-like member and the pocket, during sole Zone’s con 
tact with the ?oor the clamping strip is clamped in said 
position by the pressure by the contact with the ?oor. 

[0022] The holding assembly can have a valve for the 
pneumatic or hydraulic tensioning assembly, which then 
also maintain the pressure, when the pressure chamber is no 
longer under pressure after contact with the ?oor is com 
pleted. The pressure can then be released again, for example, 
by means of a suitable switch, which can be situated in a 
front Zone of the sole, for example, and the valve appropri 
ately actuated at the aforesaid time, for example, when the 
foot in the next step is no longer in contact with the ?oor. 
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[0023] In virtue of the fact that, in the system between the 
shin and the heel (from above to below: shin via the ankle 
joint to the heel bone) the series of bones already forms a 
concatenation of support elements and the expansion of the 
base spring element at the time of planting of the forefoot 
during ambulation is supported (the associated “lifting” of 
the tip of the foot and simultaneous removal of the rear end 
of the foot (heel) as an appendage point of the base spring 
element from its other appendage point at the front edge of 
the shin bone) by these bones, an arti?cial support element, 
which is integrated into the shoe, can also be eliminated. But 
even an additional support of this stretching via an arti?cial 
support element between the appendage point of the base 
spring element at the heel and the appendage point of the 
base spring element at the front edge of the shin bone is in 
accordance with the invention. 

[0024] The maximum direct anchoring on the bones is 
achieved at the front of the lower leg. Here, the shin bone 
front edge lies directly under the skin. 

[0025] In order to optimiZe the introduction of the force 
from the tensioned spring element into the foot, preferably 
in the Zone of the back of the forefoot, it is preferable to 
implement a satisfactorily, preferably anatomical, part 
therein. This part can then preferably be permanently con 
nected with the shoe sole in the corresponding Zone, eg by 
means of a belt, in order to transmit the impact force, which 
issues from the sole, as effectively as possible into the foot. 

[0026] Natural collagen ?bers which also comprise the 
tendons and ligaments in the human body, are elastic as has 
already been described. Furthermore, they have the charac 
teristic of not being linearly elastically deformable but 
deform in the area of lesser expansion with lower elastic 
force (thus “easier”) and in contrast, in the Zone of greater 
expansion, they operate an over-proportionally great elastic 
force (they are thus “more difficult” to deform). This non 
linear elasticity of the natural tendons and ligaments con 
sequently effects ?rstly the already described effect of 
energy storage and energy release and secondly prevents the 
destruction of structures because of excessive stretching. 
This feature is preferred in accordance with the invention for 
the base spring element, which then expands elastically 
preferably up to a constructively pre-de?ned or even adjust 
able degree (for energy storage and release) and which 
“opposes”, however, with increased rigidity further expan 
sion upon greater stretch. In this Zone, then, the ?exing of the 
foot is limited by the greater rigidity of the base spring 
element and effects, in corresponding con?guration, that the 
force introduced into the ?oor from the foot is used essen 
tially only for pressing and consequently for “advance 
propulsion” of the foot. 

[0027] This non-linear elasticity of the base spring ele 
ment can be effected in different ways in accordance with the 
invention For example, the base element can be manufac 
tured out of a material with corresponding non-linear elastic 
deformational behavior. Or the base spring element is com 
prised of elastic ?bers, which determine the minimum 
rigidity in the Zone of the lesser stretching while “parallel”, 
but initially unstressed, rigid ?bers (e.g. carbon ?bers) 
running in sinuous lines ultimately stretched in greater 
stretch limit further stretch. These two ?ber types can run 
separately from one another or together embedded in a 
matrix to form a band. 
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[0028] The rigidity of the base spring element can be 
adjusted to be different from the respective function (sports, 
routine, impaired) or to the individual situation. Gliding 
during the stretch of the preferably longitudinal, loosely 
?exible structure of the base spring element can accordingly 
be facilitated by means of sleevelike structures (such as the 
natural tendon sheaths), in order to maximally prevent 
energy loss, Which can occur due to friction. Apadding at the 
contact points, especially at the shin bone, also to make 
possible a larger areas of force induction by means of the 
skin, is preferred. Accordingly, the contact points can have 
an adjusting piece formally adapted to the front edge of the 
shin bone, Which can be integrated into the shoe shaft, for 
example. HoWever, it can also—e.g. in order to position the 
appendage point on the front edge of the shin bone as far as 
possible upWards in the direction of the knee—be integrated 
in a sleeve, for example, and the appendage point on the 
front edge of the shin bone s then supported by means of the 
support element doWnWards toWards the shoe and there 
supported in particular in the heel Zone. 

[0029] The support element according to the invention, as 
indicated, can be con?gured in one piece—also in sandWich 
construction—as a curved plastic part. But even a design 
comprised of articulated support pieces arranged in a con 
secutive series, for example, and Which take support on each 
other in an external sleeve, conforms to the invention. This 
external sleeve can, for example, form the sole itself, in 
Which pieces are then imbedded in the plastic material, for 
example, comprising the sole. In order to improve the sole 
contact, an individual anatomical surface design of the inner 
sole is preferred. 

[0030] For further development of the invention, including 
the object of the application, to Which this supplemental 
application refers, it is preferable to integrated the assembly 
elements in a sole insert of the shoe. 

[0031] In order not to “Waste” energy for compensatory 
movements, the sole of the shoe according to the invention 
is preferably provided With suitable structures for improving 
surface grip and impact damping. For improving surface 
grip pro?le corrugations in the underside of the shoe sole, 
but also “spikes” or “cleats” are suitable, Which can even be 
replaceable. For damping purposes, for example, elements, 
Whose material properties effect a speci?c damping and 
Which can also be replaced With elements having other 
damping characteristics for adjustable adaptation of the 
damping relationship are suitable. 

[0032] The present invention Will noW be more completely 
described With reference to the appended draWings, Wherein: 

[0033] FIGS. 1a to la diagrammatically represent a side 
vieW of a foot With an embodiment of a shoe according to 
the invention in three phases of heel-to-toe movement in the 
process of a step; 

[0034] FIGS. 2a and 2b diagrammatically represent a side 
vieW of a foot With an alternative embodiment of a shoe 
according to the invention in tWo phases of the heel-to-toe 
movement of a step; 

[0035] FIGS. 3a and 3b diagrammatically represent a side 
vieW of a foot With a further alternative embodiment of a 
shoe according to the invention in tWo phases of the heel 
to-toe movement of a step; 
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[0036] FIGS. 4a to 4d diagrammatically represent a side 
vieW of a foot With a further alternative embodiment of a 
shoe according to the invention With base spring elements 
applied externally on the sides in an overall vieW and detail 
exploded vieW, and 

[0037] FIG. 5 represents a further embodiment as a modi 
?cation of FIGS. 4a to 4d. 

[0038] FIG. 1 represents a ?rst embodiment of the inven 
tion, Wherein a base spring element 18 is arranged betWeen 
the ends 44, 46 of a support element 16, Which is integrated 
into the external shell of the shoe 4. The base spring element 
18 and the support element 16 run from a ?rst appendage 44 
at the heel Zone 48 or the sole 6 to a second appendage 46, 
Which rests on the front edge of the shin bone 50 (repre 
sented only extremely diagrammatically). The support ele 
ment and the osseous support of the loWer leg and foot 
skeletal elements 50, 52, Which represents an osseous bridge 
betWeen the upper end point 46 of the base spring element 
18 and the loWer end point 44, co-operate in this instance. 

[0039] The base spring element 18 is, on the one hand, 
stretched during the ambulation phase of FIG. 1b, in that 
upon setting doWn the forefoot 10 on the ?oor 8, the loWer 
leg 50 tilts forWard over the foot and consequently the foot 
itself ?exes toWards the loWer leg 50. During the subsequent 
(represented in FIG. 1c), ambulation phase, the foot then 
extends, While the forefoot Zone 10 is compressed by the 
?oor 8. In virtue of the back-deformation of the base spring 
element 18, an impulse is advantageously according to the 
invention transferred into the ?oor 8, Which advantageously 
supports the compression of the foot. When this occurs, the 
belt connection 98 assures that the sole and the foot are 
securely connected to each other at the time of the com 
pression. 

[0040] On the other hand, the base spring element 18 
stretches in that tensioning assembly 100 moves the append 
age 44 doWnWard in the direction of the ?oor. The tensioning 
assembly 100 is con?gured as a rocker With a ?rst rocker 
member 102, Which extends rearWards spike-like in the heel 
Zone 48, and carries the appendage 44 at its end. The second 
rocker member 106 extends from pivot point 104 forWard 
and projects doWnWard pedal-like from the sole 6 of the shoe 
4. As soon as the foot 2 sets its heel 52 and thus its heel Zone 
48 of the sole 6 of the shoe 4 on the ?oor (FIG. 1b), the 
rocker 100 pivots the second member 106 into the heel Zone 
48, so that the ?rst member 102 together With its appendage 
44 of the base spring element 18 moves aWay from its 
second appendage 46. In this fashion, the base spring 
element 18 is stretched. During the further heel-to-toe move 
ment according to FIG. 1c, the rocker 100 is held in this 
position (so that the energy stored in the base spring element 
18 becomes effective upon pressing the forefoot after said 
ambulation phase and the forWard propulsion is increased 
(in that a clamp strip 108 is applied at the second rocker 
member 106, Which extends forWard into a pocket 110 under 
the front Zone of the sole 6. The clamp strip 108 is inserted 
thereinto opposite to the position represented in FIG. 1a and 
is clamped in the pocket 110 by the pressure of the foot 2 on 
the ?oor. 

[0041] FIG. 2a and 2b represent an alternative embodi 
ment of a tensioning assembly 100‘ in the ambulation phases 
of the foot 2 according to FIG. 1a and 1b. The tensioning 
assembly 100‘ has a folding grate member 102‘, Which 
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extends spike-like from the heel Zone 48 of the shoe 4 
rearWardly and at its end carries the appendage 44 of the 
base spring element 18. Afolding member 106 of the folding 
gate member 102‘ extends from its point of articulation 104‘ 
at the rear end of the heel Zone 48 pedal-like forWard and 
projects doWnWard from the heel 48. Accordingly, it corre 
sponds in its con?guration and function to the front rocker 
member 106 according to FIG. 1. 

[0042] As a further alternative embodiment, FIG. 3a and 
3b also represent a tensioning assembly 100“ in the tWo 
ambulation phases according to FIG. 1a and 1b. The ten 
sioning assembly 100“ according to FIG. 3a and 3b has a 
member 102“, Which is formed by a hydraulic piston 112, at 
Whose rear end the appendage point 44 of the base spring 
element 18 is arranged and Which extends into a cylinder 
114. The cylinder 114 is ?lled With a hydraulic ?uid and 
communicates With a line With a pressure chamber 116, 
Whose elastic Wall expands doWnWard from the heel 48. As 
soon as the heel 48 according to FIG. 3b is planted on the 
?oor, the pressure chamber 116 is compressed and assures 
that the piston 112 travels out of the cylinder 114 rearWardly 
and so stresses the base spring element 18. 

[0043] The elastic elements 18 can also be arranged on the 
outside of the shoe and vice-versa. According to FIG. 4d, for 
example, the spring element 18 comprises a rubber element 
With a rounded cross-section (rubber cable), Which has metal 
hooks at its ends (120). This spring element (120) is fastened 
to grommets (118, FIG. 4a and 4c). An alternation is done 
by means of rollers or elements, that have a groove for 
guiding the round rubber cable (117, FIG. 4a and 4b). The 
spring elements 120 can, for example, be replaced at any 
time With stronger or Weaker ones. A solid part 119 adapted 
to the shin bone front edge serves as the counter-bearing of 
the rubber cable. The grommets 118 can be arranged on the 
Part 119 in the middle, but also laterally farther back 
(dorsally). In order to assure that this part does not shift, its 
grommet carrier 119a is af?xed according to FIG. 5 using an 
articulation 119b and supports 119C to the heel and sole of 
the foot. 

1. A shoe having at least one base spring element (18), 
Which is arranged betWeen appendages (44, 46) at a heel 
Zone (48) of the shoe (4) and at a shaft Zone (46) supported 
at the front edge of the shin bone (50) and Which stretches 
during a phase of ambulation, characteriZed in that a ten 
sioning assembly (100, 100‘, 100“), Which moves the 
appendage (44) of the base spring element (18) at the heel 
Zone (48) upon planting of the shoe (4) for stretching of the 
base spring element (18) aWay from the appendage (46) at 
the shaft Zone. 

2. The shoe according to claim 1, Wherein the tensioning 
assembly (100) has a rocker (100), Whose pivot point (104) 
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is arranged in the heel Zone (48) having a ?rst rocker 
member (102) extending from that point spike-like rear 
Ward, at Which the base spring element (18) is supported and 
having a second rocker member (106) extending from that 
point forWard, Which pedal-like projects doWnWard from the 
sole (6) of the shoe 

3. The shoe according to claim 1 Wherein the tensioning 
device (100‘) has a folding grate member (102‘), Which 
extends spike-like rearWardly from the heel Zone (48) and at 
Which the base spring element (18) is supported, having a 
folding member (106‘) extending forWard, Which projects 
pedal-like doWnWard from the sole (6) or the shoe 

4. The shoe according to claim 1 Wherein the tensioning 
assembly (100“) has a member, that extends spike-like from 
the heel Zone (48) rearWard and is supported on the base 
spring element (18) and Which operated hydraulically or 
pneumatically can be elongated rearWard by means of a 
pressure chamber (116) arranged under the shoe (4), Which 
is placed under pressure upon setting doWn the shoe 

5. The shoe according to claim 1, Wherein a holding 
assembly (108, 110) holds the appendage (44) in the move 
able position during contact of the shoe (4) With the ?oor. 

6. The shoe according to claim 4 Wherein the holding 
assembly has a valve for maintaining the pressure. 

7. The shoe according to claim 5, Wherein the holding 
assembly has a clamping strip (108), Which engages at the 
tensioning assembly (106), and a pocket (110) under a 
forWard sole Zone (6) of the shoe (4), in Which the clamping 
strip (108) is clamped in the distanced position during the 
contact of the sole Zone (6) for holding the tensioning 
assembly (100). 

8. The shoe according to claim 5 Wherein the base spring 
element (18) has a supporting member (16) betWeen the 
appendage (44) at the heel Zone (48) of the shoe (4) and the 
appendage (46) at the shaft Zone. 

9. The shoe according to claim 5, Wherein the shaft Zone 
has an adjusting piece adapted to the front edge (50) of the 
shin bone. 

10. The shoe according to claim 5, Wherein the base 
spring element (18) is guided longitudinally and supply 
?exible and in a sleeve. 

11. The shoe according to claim 5, Wherein the elastic 
rigidity of the base spring element (18) is enlarged upon 
greater stretching. 

12. The shoe according to claim 5, Wherein the supporting 
element (16) is comprised of articulated support pieces. 

13. The shoe according to claim 5, Wherein the support 
element (16) is ?exibly elastically deformable. 

* * * * * 


